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RELATED APPLICATION DATA 

[0001] This application is a division of U.S. Patent Application No. 

10/077,450 entitled "Finger Metal-Insulator-Metal Capacitor with Local 
10 Interconnect/' filed 15 February 2002. 

BACKGROUND OF THE INVENTION 

[0002] One essential component of integrated circuits is a capacitor. Design 

and production of capacitors trades off capacity and footprint (together determining 
15 density) with manufacturing processes. There will always be an opportunity to 

i 

introduce a better capacitor design and manufacturing process. 



SUMMARY OF THE INVENTION 

[0003] The present invention includes methods to produce a finger metal- 

20 insulator-metal capacitor. One plate can either be a base conductive layer or 

overlaying or an additional, deposited layer. Capacitor formation may be integrated 
with formation of interconnects for other components on the same die. The resulting 
capacitor has a novel geometry. Particular aspects of the present invention are 
described in the claims, specification and drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1 is a cross section of a die with some devices already formed 

and covered by an insulator. 

[0005] FIG. 2 is a cross section of the same die, with contacts formed and a 

30 resist layer patterned. 
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[0006] FIG. 3 is a cross section of the same die, with three layers formed for 

use as a capacitor. 

[0007] FIG. 4 is a cross section of the same die, with the capacitor layers 

isolated and covered by an insulator. 
5 [0008] FIG. 5 is a cross section of the same die, with local interconnect metal 

layers in place. 

[0009] FIG. 6 is a cross section of the same die, with local interconnect metal 

layers in place and an upper metal layer patterned. 

[0010] FIG. 7 is a cross section of the same die shown in FIG. 2, with two 

10 layers formed for use in a capacitor. 

[0011] FIG. 8 is a cross section of the same die, with the capacitor layers 

isolated and covered by an insulator. 

[0012] FIG. 9 is a cross section of the same die, with local interconnect metal 

layers in place. 

15 [0013] FIG. 10 is a cross section of the same die, with local interconnect 

metal layers in place and an upper metal layer patterned. 



DETAILED DESCRIPTION 

[0014] The following detailed description is made with reference to the 

20 figures. Preferred embodiments are described to illustrate the present invention, not 
to limit its scope, which is defined by the claims. Those of ordinary skill in the art , 
will recognize a variety of equivalent variations on the description that follows. 
[0015] FIG. 1 is a cross section of a die with some devices already formed 

and covered by a base insulator. The foundation level is divided into a plurality of 
25 regions 101, 102. In some applications, a first region 101 will be an area in which 
metal-insulator-metal devices are formed and a second region 102 will be an area in 
which periphery devices are formed. The foundation level may be the substrate of the 
die or it may be a layer of devices. The foundation also may be a single region, 
instead of a plurality of regions. Several devices e.g., 104, are illustrated as being 
30 formed within the foundation level. These devices are covered by an insulator 105. 
This insulator layer may be a so-called inter-layer dielectric. CMP planarization may 
be used to smooth the insulator, prior to additional processing steps. In preparation 
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for patterning the insulator, a patterning layer 106, such as a single or multi-layer 
resist has been formed over the insulator 105. In the case of resist, the patterning 
material is exposed by lithographic, direct write or other process and developed. An 
anisotropic etch such as a plasma or reactive ion etch ("RIE") 107 is illustrated. This 
5 etch transfers an exposed pattern from the patterning layer 106 to the insulator 105. 
[0016] FIG. 2 is a cross section of the same die, with contacts formed, a base 

conductive layer formed, and a resist layer patterned. This figure illustrates vias 
resulting from the anisotropic etch 107. The vias are filled in one or more steps. This 
figure illustrates forming a barrier layer 211 in the vias, followed by forming a contact 

10 210 over the barrier layer 211 and forming a base conductive or metal layer 212 over 
the contact layer 210 and the barrier layer 211. When tungsten, titanium, copper and 
aluminum are used as contacts 210 and metal layers 212, a suitable barrier layer may 
include titanium nitride and titanium. Barrier or interface layers can readily be 
selected to control migration and/or adhesion of the contact and base conductive 

15 layers. In some applications, formation of high density capacitors enables use of 
materials such as tungsten for a base conductive layer. Tungsten has a higher 
resistance than aluminum or copper and therefore is typically restricted to local 
interconnects, as opposed to long interconnects. More generally, the contact layer and 
metal, conductive layer may be any conductor, not necessarily limited to a metal. 

20 Above the contact and base conductive layers, an additional patterned layer 216 and 
an anisotropic etch are illustrated. 

[0017] FIG. 3 is a cross section of the same die, with three layers formed for 

use as a capacitor. This figure illustrates trenches resulting from the anisotropic etch 
illustrated in FIG. 2. The trenches may, but do not necessarily need to, cut all the 

25 way through the base conductive and barrier layers. In one embodiment, the trenches 
cut at least substantially through the base conductive layer. The trenches need not cut 
all of the way through the base conductive and barrier layers in areas where the first 
plate layer is being formed, because the first plate layer 321 can effectively be formed 
on the base conductive layer 212 or the barrier layer 211 or the base insulator 105. 

30 The trenches are filled to form at least three layers. A first plate layer 321 is formed, 
at least in part, on the contact 210 or base conductive layer 212. The first plate layer 
is contoured to the undulation or wave shape of the plurality of trenches. The 
undulated or wave shape, viewed in profile, may be rectangular, as illustrated, or may 
be more contoured, due to spacer formation along the trench edges, edge slope or 
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other process factors. This first plate layer 321 may be formed by metal sputtering. 
Suitable metals include titanium nitride, or, more generally, any conductor. 
Alternatively, another technology such as chemical vapor deposition ("CVD") or 
physical vapor deposition ("PVD") may be adapted to deposit a conductive first plate 

5 layer 321. The thickness of the first plate layer may be less than the minimum feature 
size of the one or more lithographic, direct writing or other processes used to form the 
trenches, as deposition process dimensions are not limited by lithographic processes. 
One or more insulating layers 322 are contoured to the wave shape of the plurality of 
trenches, over the first plate layer 321. Chemical vapor deposition may be used to 

10 deposit the non-conductive, insulating layer. The thickness of the insulating layer 
also may be less than the minimum feature size. The insulating layer 322 is followed 
by a second plate layer 323. The second plate layer 323 may follow the contour of the 
insulating layer 322, as illustrated, or, alternatively, it may fill in the contour. The 
second plate layer 323 may be formed by metal sputtering, using the same metal as 

15 the first plate layer or a different metal, or, more generally, any conductor. The 
second plate layer may be formed by sputtering, chemical vapor deposition, or any 
other contour following process. The thickness of the second plate layer also may be 
less than the minimum feature size of the trenches. The combined thickness of the 
first plate, insulating and second plate layers also may be less than the minimum 

20 feature size and may be less than half of the minimum feature size. The thicknesses 
of the various layers may be less along the vertical walls than in the bottom of the 
trenches or the higher areas between the trenches. In addition to these three layers, 
additional layers can be added to form a triple plate capacitor, wherein the middle 
layer serves as one plate opposed to layers above and below it, generally along the 

25 lines illustrated in US Pat. No. 6,153,463, entitled "Triple Plate Capacitor and Method 
for Manufacturing." In a triple plate capacitor, a second insulating layer and a third 
plate layer are provided. The first and third plate layers may form separate capacitors 
or may be connected to form a single capacitor. The five layer structure of a triple 
plate capacitor may be less than the minimum feature size and may be less than half 

30 the minimum feature size. 

[0018] Fig. 3 further illustrates a further patterning layer 326 and an 

anisotropic etch. The illustrated patterning layer 326 is positioned so that an isolated 
capacitor will be formed including the illustrated trenches. Depending on the aspect 
ratio of the trenches, the surface area of the first plate layer may be more than twice 
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the die surface area occupied by the capacitor. The number of trenches and the die 
surface area allocated to the capacitor can be varied to produce the desired 
capacitance. In a triple plate capacitor, depending on the aspect ratio of the trenches, 
the surface area of the effective second plate layer (counting both sides) may be more 
5 than three or four times the die surface area occupied by the capacitor. 

[0019] FIG. 4 is a cross section of the same die, with the multilayer structure 

isolated from adjacent structures and covered by an insulator. The multilayer 
structure 424 has been isolated by an anisotropic etch. The etch step is followed by 
applying an insulator 431, which may be planarized. The insulator layer 431 may be 
10 referred to as an inter-metal dielectric. An additional patterning layer 436 is applied 
to define contacts with the base conductive layer 212 that was formed prior to the 
multilayer structure 424. 

[0020] FIG. 5 is a cross section of the same die, with an interconnect layer in 

place, ready for further patterning. In some embodiments, the interconnect layer may 

15 be a local interconnect layer. Tungsten may be suitable for local interconnects. This 
interconnect layer may be used not only to connect the capacitor, but also to connect 
other devices formed on the die. Vias and contact points 542 have been formed by 
and after the anisotropic etching of FIG. 4. The vias have first received a barrier 
layer 541. Then, contacts have been formed in the vias 542. A further conductive or 

20 metal layer 543 has been formed over the barrier layer 541 and contacts 542. A 
further patterning layer 546 has been formed over the metal layer, to pattern 
interconnects. The materials and processes for forming these barrier, contact and 
conductive layers are similar to the materials and processes illustrated in FIG. 2. 
[0021] FIG. 6 is a cross section of the same die, with the interconnect layer in 

25 place and an upper conductive layer patterned to define the interconnects. The 

anisotropic etching of FIG. 5 patterns the upper conductive layer 543 in relationship 
to the contacts 542. 

[0022] A process embodying the present invention may produce a wave- 

shaped capacitor over a base conductive layer, said base conductive layer over a base 
30 insulator layer on a die. The base conductive layer is patterned to form at least two 
adjacent trenches. In an alternate embodiment, at least three adjacent trenches may be 
formed. These trenches may be substantially as deep as the base conductive layer is 
thick and may substantially cut through the base conductive layer. A multilayer 
structure is formed, conformed to the trenches. The structure is isolated from adjacent 
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structures, allowing it to effectively serve as a capacitor. The multilayer structure 
includes a first plate layer, an insulating layer over the first plate layer, and a second 
plate layer over the insulating layer. Additional layers may be interposed. At least 
part is a first plate layer is in electrical communication with the base conductive layer. 
5 An electrical contact is formed, directly or indirectly, between the base conductive 
layer and a part of the first plate layer. In this embodiment, a multilayer structure may 
be formed with a thickness along sidewalls of the trench that is less than half of the 
trench's width and, more particularly, may be less than a minimum feature size of the 
lithographic or direct writing process used to form the trenches. It may even be less 

10 than half a minimum feature size of the process, especially where the trenches are at 
or near the minimum lithographic feature size. These dimensions apply at least to 
three and five layer multilayer structures. The first and second plate layers may be 
formed by sputtering of metal, such as titanium nitride. The insulating layer may be 
formed by vapor deposition. The three adjacent trenches, in cross-section, form an 

15 essentially rectangular wave shape. The formation the multilayer structure tends to 
smooth out the wave shape over the rectangular base. The process of producing these 
wave-shaped capacitors complements other production processes. Contacts and 
interconnects formed directly below and directly above the multilayer structure are 
tied to the multilayer structure. The contacts and interconnects that tie to the 

20 multilayer structure may be formed throughout the die in one or more layers that 
interconnect other devices, not just capacitors. The resulting capacitor may be wave 
shaped, formed over a base conductive layer, the base conductive layer being formed 
over a base insulator layer on a die. This capacitor includes a wave-shaped pattern in 
the base conductive layer comprising at least two adjacent trenches. In an alternate 

25 embodiment, at least three adjacent trenches may be included in the wave-shaped 
pattern. A multilayer structure is contoured over the base conductive layer. The 
multilayer structure includes at least a first plate layer in electrical communication or 
contact with the base conductive layer, an insulating layer formed over the first plate 
layer and a second plate layer formed over the insulating layer. It further includes an 

30 interconnect layer formed over the multilayer structure, including at least one 

interconnection with the second plate layer. In some embodiments, the multilayer 
structure may include additional insulating and plate layers, forming a triple plate 
capacitor. The multilayer structure may have a thickness along sidewalls of the 
trenches that is less than a minimum lithographic feature size of a lithographic, direct 
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writing or other process used to form the trenches. For trenches that are near or at the 
minimum feature size of the process used to form the trenches, the multilayer 
structure may have a thickness along the sidewalls that is less than one-half of the 
minimum feature size. The interconnect layer may provide interconnections between 
5 other devices on the die, in addition to capacitors. 

[0023] For an alternative embodiment of a wave-shaped capacitor cross- 

section, FIG. 7 corresponds to FIG. 3. In the alternative embodiment, the initial 
foundation level, interconnects and trench formation are as shown in FIGs. 1-2. 
Instead of forming three or five layers over the fingers 712a-c, the base conductive 

10 layer serves as a first plate, in this embodiment, reducing the number of layers needed 
to complete the capacitor. FIG. 7 is a cross section, with two layers formed for use as 
a capacitor. This figure illustrates trenches resulting from the anisotropic etch 
illustrated in FIG. 2. Either the base conductive or barrier layer serves as a first 
capacitor plate. The fingers 712a-c are connected to one another to form a single 

15 plate, either by a part of the conductive layer not shown in the cross section, or by the 
barrier layer. The trenches are filled to form at least two layers. A first capacitor 
plate layer includes base conductive layer 212 which is in electrical communication 
with the contact 210. The first plate layer may either be contoured to an undulation or 
wave shape of the plurality of trenches, if the trenches are not all of the way through 

20 the base conductive layer, or may form a wave shape when considered together with 
an underlying layer, if the trenches are etched all of the way through to form fingers 
of the base conductive layer. The undulated or wave shape, viewed in profile, may be 
rectangular, as illustrated, or may be more contoured, due to spacer formation along 
the trench edges, edge slope or other process factors. This base conductive layer may 

25 be formed by metal sputtering. One or more insulating layers 722 are contoured to 
the undulated or wave shape of the plurality of trenches, over the base conductive 
layer 212. Chemical vapor deposition may be used to deposit the non-conductive, 
insulating layer. The thickness of the insulating layer may be less than the minimum 
feature size, as deposition process dimensions are not limited by lithographic or 

30 directing writing processes. The insulating layer 722 is followed by a second plate 
layer 723. The second plate layer 723 may follow the contour of the insulating layer 
722, as illustrated, or, alternatively, it may fill in the contour. The second plate layer 
723 may be formed by metal sputtering. Suitable metals include titanium nitride, or, 
more generally, any conductor. Alternatively, another technology such as chemical 
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vapor deposition or physical vapor deposition may be adapted to deposit the 
conductive second plate layer 723. The thickness of the second plate layer may be 
less than the minimum lithographic feature size of the trenches, as deposition process 
dimensions are not limited by lithographic processes. The combined thickness of the 
5 insulating and second plate layers also may be less than the minimum feature size and 
may be less than half the minimum feature size. The thicknesses of the various layers 
may be less along the vertical walls than in the bottom of the trenches or the higher 
areas between the trenches. Alternatively, additional insulating and plate layers may 
be supplied to form a triple plate capacitor. Fig. 7 further illustrates a further 

10 patterning layer 726 and an anisotropic etch. The illustrated patterning layer 726 is 
positioned so that an isolated capacitor will be formed including three illustrated 
trench features. Depending on the aspect ratio of the trenches, the surface area of the 
first plate layer may be more than twice the die surface area occupied by the 
capacitor. For a triple plate capacitor, the effective surface area may be more than 

15 four times the die surface area occupied. The number of trenches and the die surface 
area allocated to the capacitor can be varied to produce the desired capacitance. 
[0024] FIG. 8 is a cross section of the same die, with the multilayer structure 

isolated from adjacent structures and covered by an insulator. The multilayer 
structure 824 has been isolated by an anisotropic etch. The etch step is followed by 

20 applying an insulator 831, which may be planarized. The insulator layer 831 may be 
referred to as an inter-metal dielectric. An additional patterning layer 836 is applied 
to define contacts with the base conductive layer 212 formed prior to the multilayer 
structure 824. 

[0025] FIG. 9 is a cross section of the same die, with an interconnect layer in 

25 place, ready for further patterning. In some embodiments, the interconnect layer may 
be a local interconnect layer. For local interconnects, tungsten may be suitable. This 
interconnect layer may be used not only to connect the capacitor, but also to connect 
other devices formed on the die. Vias and contact points 942 have been formed by 
and after the anisotropic etching of FIG. 8. The vias have received a barrier layer 
30 941. Then, contacts have been formed in the vias 942. A further conductive or metal 
layer 943 has been formed over the barrier layer 941 and contacts 942. A further 
patterning layer 946 has been formed over the metal layer, to complete interconnects. 
The materials and processes for forming these barrier, contact and conductive layers 
are similar to the materials and processes illustrated in FIG. 2. 
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[0026] FIG. 10 is a cross section of the same die, with the interconnect layer 

in place and the top conductive layer patterned to define the interconnects. The 
anisotropic etching of FIG. 9 patterns the top conductive layer 943 in relationship to 
the contacts 942. 

5 [0027] A process embodying the present invention may produce a wave- 

shaped capacitor over a base conductive layer, said base conductive layer over a base 
insulator layer on a die. The base conductive layer is patterned to form at least two 
adjacent trenches, the sides of which are electrically connected. In an alternative 
embodiment, at least three adjacent trenches are formed. These trenches may be 

10 substantially as deep as the base conductive layer is thick and may substantially cut 
through the base conductive layer. A multilayer structure is formed, conformed to the 
trenches. The structure is isolated from adjacent structures, allowing it to effectively 
serve as a capacitor. The multilayer structure includes the base conductive layer, an 
insulating layer over the base conductive layer, and a second plate layer over the 

15 insulating layer. Additional layers may be interposed or added over the second plate 
layer, for instance, to form a triple plate capacitor. In this embodiment, a multilayer 
structure may be formed with a thickness along sidewalls of the trench is which is less 
than half of the trench width and, more particularly, may be less than a minimum 
lithographic feature size of the lithographic process used to form the trenches. It may 

20 even be less than half a minimum lithographic feature size of the lithographic process, 
especially where the trenches are at or near the minimum lithographic feature size. 
The second plate layer may be formed by sputtering of metal, such as titanium nitride. 
The insulating layer may be formed by vapor deposition. The adjacent trenches, in 
cross-section, form an essentially rectangular wave shape. The formation the 

25 multilayer structure tends to smooth out the wave shape over the rectangular base. 
The process of producing these wave-shaped capacitors complements other 
production processes. Contacts and interconnects formed directly below and directly 
above the multilayer structure are tied to the multilayer structure. The contacts and 
interconnects that tie to the multilayer structure may be formed throughout the die in 

30 one or more layers that interconnect other devices, not just capacitors. 

[0028] The resulting capacitor may be wave shaped, formed over a base 

conductive layer, the base conductive layer being formed over a base insulator layer 
on a die. This capacitor includes a wave-shaped pattern in the base conductive layer 
comprising at least two adjacent trenches. In an alternative embodiment, the wave- 
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shaped pattern includes at least three trenches. A multilayer structure is contoured 
over the base conductive layer. The multilayer structure includes at least an insulating 
layer formed over the base conductive layer and a second plate layer formed over the 
insulating layer, and may include additional insulating and plate layers. It further 
5 includes an interconnect layer formed over the multilayer structure, including at least 
one interconnection with the second plate layer. The multilayer structure of the 
device may have a thickness along sidewalls of the trenches that is less than a 
minimum feature size of a lithographic, direct writing or other process used to form 
the trenches. For trenches that are near or at the minimum lithographic feature size of 
10 the lithographic process used to form the trenches, the multilayer structure may have a 
thickness along the sidewalls that is less than one-half of the minimum feature size. 
The interconnect layer may provide interconnections between other devices on the 
die, in addition to capacitors. 

[0029] While the present invention is disclosed by reference to the preferred 

15 embodiments and examples detailed above, it is understood that these examples are 
intended in an illustrative rather than in a limiting sense. It is contemplated that 
modifications and combinations will readily occur to those skilled in the art, which 
modifications and combinations will be within the spirit of the invention and the 
scope of the following claims. 
20 [0030] We claim as follows: 
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